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Abstract A 0
The bound of static uncertain function of chaotic s \ re e known by

using adaptive method in many past research p
the situation of the systems with simple uncertal,

p only considered
linear )%Ys In this paper, a
kind of generalized chaotic systems are taken.as a exam an adaptive control
algorithm with static uncertain nonllnear @IOHS osed to control chaotic
systems. The requirements for nonlin ction of system is relaxed by using the

proposed algorithm. It only reqmres the nonlinear functions in the
system model exists and some part now st, detailed numerical simulation
is done to testify the rightness f posed It shows that the stabilization and
tracking of chaotic system w@sg C unc functlons can be realized with a quick
response by using the propose orlt
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1 Introd@
In the chaotic syste daptlve control field, there has been extensive research on
parameters adaptive rol of uncertain chaotic systems. But static uncertain function in

chaotic system ppeared in some research fruits in recent years[1-4]. The static
uncertain funct required to satisfy growth condition and matched condition in some
literature: r research relax the condition, and the static uncertain function is required

to be k
only

ound function and bound factors in the literature[1]. And the literature[1]
h single uncertain nonlinear function in the multidimensional chaotic systems.
above research only research the chaotic systems with same structure, so the
@ch on generalization to general chaotic systems needs further research.
ake generalized chaotic systems as an example in this paper, the adaptive control
problem of static uncertain nonlinear function is researched. Relative to literature[1],the
requirements of nonlinear function are further relaxed in this paper. In summary, the
bound function and upper bound of nonlinear function should be known in literature[1-3],
and only some of bound function should be known in this paper[5-9].
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2. Problem Description

Considering the following typical chaotic system with static uncertain nonlinear
function:
x=f(X)+A(X)+bu D
Where X:[Xl,---,Xn]T .u :[ul,---,un]T is N dimensional vector. Take a four
dimensional system as a example, the system can be written as bellows:

X1= fl(x11""X4)+A1(X11""X4)+b1u1 (2)
X = 00, X, ) + A, (%, X, ) +b,U, (3)
%= T X x) A S0cs  xg) (4)
X4: f4(x1""1x4)+A4(X1""’X4)+b4u4 (5)0

Where f(X) is known function and A(X) is unknown function, assuming@{e
described by static nonlinear function, and b, is a known constant. In or@ nalysis
this problem more thoroughly, we study this problem fro to diffjculs, ming the
unknown part can be described by static nonlinear functi

The above model has generalized representative
can be described by this kind of form, such as Lor

X =afy rx)
N ©
The onectlye of the 'researclK stabl% is to design a control law
u=u(x6,q4).6= g(x,é),(ﬂ@) Slichglt e status can be stabilified, it means
Xx—0.

The objective of resear @track is to design a control law

u=u(x,0,4),0= g@&
(ﬁ =g(x,q) N the %@n can be tracked by the status, it means x — x¢ .

S
AssumirQQpectati is id , without loss of generality, assuming the expected

value is a ant, th X,d =0,s0 xid =0 is a special case of tracking problem.
Therefore, the prob stabilization and track can both be described by the following

model:
Definition: 2% X, — X", there is:
O\L 2= £k %) + A0, %) +By, )

%Qmption
ur assumption are built for the above system to simplify the analysis.
Assumption 1 : for 1<i<n, there exists a unknown positive constant ¢ <d,,
AX Lty (X (8)
where d, is a known constant, and ;(X)is a known non-negative smooth
function.

Because it is difficult to get /,(X) ,we can consider the situation firstly that X isa
single variable.
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Assumption 2 : A;(X,t) satisfies the Fourier expansion ,so there exists the Fourier
series:

A (X, 1) = D a; sinijx+by; cosijx 9)
i=0

Assumption 3 : A, (X,t) satisfies interval absolute integrable, so there is:
lima; >0 limb, >0

jo>o0 , e
There exits & >0 for N to satisfy:
A (X ,t)—i a simx ;b C({j‘ﬁ(&‘i (10)
then: a ,
3" (@, sin jx+b, cos jx) v
i=0

i(bij COQ'QA %0 (12)
<g +,Z::1(a” lsin jX|)+S iX) \\>/
Assumption 4:choose assumption 1 V/l @n JX| Zﬁ@lﬂq. =max(a "m (' b))

ax(a;,

A(X 1)< +

N

D (& sin jx)|+

j=0

<&+

is a unknown constant.

Note:when considering the si that multlvarate we can let nonlinear
function ,(X) be expre \K) tlva r|er expansion,the specific expansion
can be referred to Math,the pri lei |s |s no longer described[15-17].

4. Robust Adapti troll r’Besign
For the above i tems
Q,---,M)Mi(xlrwX4)+b.ui (12)

The con I quan é be designed as:
2|(X)[ f(Xli ' X) ql WI(X),le( ) bl

sign(z;) — f,,(z)]
@ f(z) =kuz; +k;, 7i+ki3 3 Zi%
O\l |Zi|+5i1 2 (14)

exp(2/%)+k,,sign(z,)

fen)
% 2,2, =218, (0 6, v, (9sign(z,)

_fZI(Z )]< - ZI(Z)+
)~ 9
2 T, (z) +[z (67w (%)

(13)

(15)

Definition : g =/~ ,then & =—G =y, (9[z].
Note 1 : considering discontinuous switching when the sign function is eliminated, the
sign function can be replaced by the mollifier, and the control law can be designed as:
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Uy = o (O[=F (X0 %) = 6w, (%)

Z, (16)
B |+ o - f.(@)]

Then:
2,2, = 7;,[A; (%)~ G 'y (0)sign(z;)
_fzi(zi)]g i ZI(Z)+
lz,[* (17)

Z.
g G

iy (x)

(z;)+|z[q;

IZI

|Zi|

Definition: 6 =¢; -4,
|z,]+ &,
Then,the system can converge to the scope of |Z| <&, @Q
u is

Note2: considering discontinuous switching wheny the si tion
eliminated,remove the sign function dlrectly and the cont%\can be@ed as:

up =, OO (%,
- i (z)] & VV (18)
2,2, =1, [A (x) QQX)SlgnI\%

@v “
él ZI i*l//i (X)

Definition:
@n(z ) 20)
Qq. a»}gn(zi) (21)

Choose I z)t//,(x) ,according to the above situations,the selection of

-, when |2i|=8bi, G =q; -G, there is G =—G =pNI[z| *

Then:

control la

sonab§
5. The Approxwﬁ@e nalysis of Unknown Nonlinear Function

Note 3:consi nonlinear structural information that is known,then assume:
n
\{‘ 1A (X, 0] <D e w, (%) (22)
j=1

C, is an unknown positive parameter,and v/, (X) is known nonlinear system
@ure information function.and the control law can be designed as:

U =1y (X)[_fi(xv""xzt)_Zn:éji‘//ji (x)

(23)
- (2]
¢; =sign(z, )y, ()2 (24)
Note 4:considering a the simplest assumption,at the interval of |X| <a.:

A (X D) <c
Then the control law can be designed as:
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= f2i (X)[_fi (X1""IX4)_Ci - fzi(zi)] (25)
éi = (26)
And the control law can be arranged as:
(-0, %) - [ 2t = £, 2)] (27)
If not through the use of high gain feedback makes:
2,2, =2[A, ()~ [ z,dt— ,(2)]> 0 (28)

Then Zz; will increase,thus lead to status overflow the interval of |X|<a,, and if the

assumption of |A;(X,t)|<c; is invalid,thus lead to the system become diffuse.

Thus two important factors that may affect the stability of the system can be seen:
One is trying to use a high gain feedback within an allowable range for re

systems,that is f,(z,) is designed a high gain feedback.

The other one is trying to choose known functions to describe uncertain Ilyay to
make the interval of assuption big enough[21-23]. 6

Note 5:considering a nonlinear function belows: %
|Ai(X ,t)| = 3+4x (29)

If choose the assumption: O
A (X, <d \\’ (30)

And the control law can be arranged as:

=l é@ (31)
The assumption is available S|tuat| s\( <(d,-3)/4.
If choose the assumptlonﬂ
A, (x_ ki [ (32)
And the control la % arra
A@i(xl,- x)- [ zdt-[¥[ 2

(33)
< > jdt - f,(z)]
Then choose 4 so that the system can stable in hypothetical condition, so
the control law ca system stable.
It is difficult ict the uncertain part of real system,for example:
|A (X, 1) =3+4x (34)
Then@hterval for the assumption that |A; (X, t)|<d; is available is :

%O x<./(d,—3)/4 (35)

e interval for the assumption that [ (X.0]<c+kx is available is :

X<k /4 (36)

So it is not difficult to know that using the high order Taylor expansion method can

improve approximation accuracy when polynomial are used to approximate the unknown

nonlinear function. But the order of polynomial is higher, the gain of feedback is bigger,

the real system is easier to enter saturation period, and high gain feedback is not allowed

by many real systems. So there are irreconcilable conflicts for the control problem of
uncertain systems.
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6. Numerical Simulation

Take a four dimension system as a example to do the simulation and the model can be
described as follows:

%, = a(X, — %)+ kX, COSX, +U; 37)
X, = X, — KX, X5 + Ky, (L+SIN(X,%;)) X, (38)
+U,
%, = —CX, + X2 + K, (2 COS(X,X,X,X,))%, (39)
+U,
= —dx, + kX, (3+Sin(x,X,)) + U, (40)

Considering unknown nonlinear functions meet the assuptions as follows:
K, X, COS X, | < € [X,|

0

o L SN0 | <, ?74@
Ik.b(2—cos(><1x2><3x4))x1|<q3<* Q/CQ (43)

|y X (B+siN(x,X,))| < a | (44)

When a=10,b=40,c=25, d=10.6, kQ 4, m .05 The system is

chaotic. Set
bellows:

Figure 2. Trajectory of Uncontrolled

Figure 1. Traje J&bf Uncontrolled : -
Cha@ystem (1) Chaotic System (2)
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Figure 3. Trajectory of State x Figure 4. Trajectory of State y

406 Copyright © 2016 SERSC



0.5

-0.5

-1.5

-2

0 2 4 6 8
t

10 12

Figure 5. Trajectory of State x3

2.4

22

2

18

x1

16

14

12

xl.

Figure 7. Trackmg@

25 n

2 SRS

. 46\“ O

N a\ W3
T\ \9,

0

05 %
RN

A

IR

0 4 6 8
t

10

re 9, Tracking of State x

@igure 3 to Figure 6 show trajectory

O
o R ’°\ C
&

International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

15

0 2 4 6 8
t

10 12

Figure 6. Trajectory of State x4
\/’
, AE
. IR "4
| \~¥AG
QAN
! Y
NS
’V

‘o

N
o N

10

Figure 8. Tracking of State x2

2.0004

2.0002

1.9998

x4

1.9996

1.9994

1.9992

1.999

1.9988
0
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of system state, Figure 7 to Figurel0 show

tracking of system state, value of expectation is chosen 2.use of detailed control
parameters from appendix P3-2.It can be deduced from these simulation results that the
control method in this article can make chaotic system stabilize and track quickly when

there exists a static uncertain functions.
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7. Conclusion

In this paper, a kind of generalized chaotic systems are taken as an example, and an
adaptive control algorithm with static uncertain nonlinear functions is proposed to
control chaotic systems.The requirements for nonlinear function of system is relaxed by
using the proposed algorithm. It only requires that the bound of the nonlinear functions
in the system model exists and some part of it is known. At last, detailed numerical
simulation is done to testify the rightness and robustness of the proposed method. It
shows that the stabilization and tracking of chaotic system with static uncertain functions
can be realized with a quick response by using the proposed algorithm.
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